We found recently that in Ren-2 transgenic hypertensive rats (TGR) addition of soluble epoxide hydrolase inhibitor (sEHi) to treatment with angiotensin-converting enzyme inhibitor (ACEi), surprisingly, increased the mortality due to heart failure (HF) induced by creation of the aorto-caval fistula (ACF). Since TGR exhibit sex-related differences in mortality, we examined here if such differentiation exists also in the response to the treatment with ACEi (trandolapril), alone or combined with sEHi [cis-4-[4-
Introduction
Congestive heart failure (HF) affects 4 % of the adult population in Europe (Maggioni 2015) and without a significant progress in the prevention and/or treatment, a 50 % yearly increase in the HF patient population is expected. The current survival rate of HF patients is low: almost 50 % die within 5 years from the diagnosis (Braunwald 2015 , Ponikowski et al. 2016 , Yancy et al. 2017 . Increased activity of the renin-angiotensin system (RAS) plays an important role in the pathophysiology of HF and its blockade by angiotensin-converting enzyme inhibitor (ACEi) is a golden standard therapy. However, Vol. 68 in the advanced HF its effectiveness is limited (CONSENSUS Trial Study Group 1987 , Ferrario and Mullick 2017 , Kassi et al. 2018 , SOLVD Investigators 1992 , Yancy et al. 2017 . It has also been shown that in the HF induced by volume overload, RAS inhibition did not attenuate eccentric remodeling of the left ventricle or improve its systolic function (Červenka et al. 2015a , Plante et al. 2009 , Ryan et al. 2007 .
In search for new therapeutic measures considerable attention focused on the role of epoxyeicosatrienoic acids (EETs), cytochrome P-450 (CYP)-dependent epoxygenase pathway metabolites of arachidonic acid (AA); increased EETs levels were reported to exert antihypertensive and organ-protective actions (Elmarakby 2012 , Imig 2018 , Kujal et al. 2014 . This was so even though therapeutic potential of EETs is limited by their rapid break-down to biologically inactive dihydroxyeicosatrienoic acids (DHETEs) by soluble epoxide hydrolase (sEH). Nevertheless, blocking sEH and increasing tissue EETs bioavailability had, indeed, antihypertensive and cardio-and renoprotective effects (Imig 2018) and, in spite of some controversial results (Červenka et al. 2015a , Červenka et al. 2015b , Imig 2018 , Kala et al. 2018 , the blockade could represent a valuable addition to the pharmacological blockade of the RAS.
Notably, the risk of HF in women is generally underestimated and men are thought to be at greater risk for heart diseases (including HF) (Cook JL et al. 2015 , Eisenberg et al. 2018 , Westerman and Wenger 2016 . This notion was more recently challenged: in the cohort of HF patients with reduced ejection fraction women showed a greater mortality (Petrie et al. 1999, Westerman and Wenger 2016) and a worse quality of life than men (Hsich and Pina 2009 , Eisenberg et al. 2018 , Lewis et al. 2007 ). Moreover, while the incidence and prevalence of HF is greater in men, the absolute number of patients with HF in either sex is similar, due to higher longevity in women (Eisenberg et al. 2018, Westerman and Wenger 2016) . Remarkably, 59.5 % of all annual deaths of HF patients are women (Bolijn et al. 2017 , Eisenberg et al. 2018 , Westerman and Wenger 2016 . Furthermore, the risk of the HF following myocardial infarction is higher in women (Lam et al. 2015) . All this data point to the need of the studies of the biological mechanisms underlying the sex-related differences in HF, and of the responses to new pharmacological measures (Bolijn et al. 2017 , Eisenberg et al. 2018 , Regitz-Zagrosek and Karagigas 2017 , Westerman and Wenger 2016 ).
The rat model in which HF is induced by volume overload induced by creation of the aorto-caval fistula (ACF) (Hatt et al. 1980 ) has many features similar to the untreated human HF (Abassi et al. 2011 , Brower et al. 1996 , Cohen-Segev et al. 2014 , Červenka et al. 2015a , Melenovsky et al. 2012 , Melenovsky et al. 2018 , and is recommended by American Heart Association for testing therapeutic strategies for CHF (Houser et al. 2012) . Unfortunately, most researchers employ male animals only, which generates incomplete or misleading data , Blenck et al. 2016 , Miller et al. 2017 , Regitz-Zagrosek and Karagigas 2017 . Notably, even though sex differences in volume overload model of CHF were only rarely studied, some sex-related differences in survival rate and cardiac remodeling were found , Gardner et al. 2005 , Dent et al. 2010 , Lu et al. 2012 ). It will be noticed that the hypertensive rat transgenic for the mouse Ren-2 renin gene [TGR; strain name TGR(mRen2)27] presents a unique model which combines two critical determinants of the progression of HF: hypertension and RAS hyperactivity (Kopkan et al. 2005 , Mullins et al. 1990 . We found that TGR exhibit remarkable sex-related difference in HF-related mortality (Červenka et al. 2016) , and also that that male ACF TGR displayed tissue deficiency of EETs. Furthermore, increasing intrarenal EETs levels by pharmacological blockade of sEH attenuated the progression of HF in male ACF TGR (Červenka et al. 2015a) . However, we did not examine if this effect occurs also in female ACF TGR. Moreover, we found recently that in male ACF TGR addition of sEH inhibitor (sEHi) to the standard treatment with ACEi did not further enhance the protection against ACF-induced HF but, surprisingly, lowered the survival rate (Kala et al. 2018) . Since the studies of the possible role of CYPdependent epoxygenase metabolites of AA in the pathophysiology of ACF-induced HF were performed in male animals only, we examined here the possible sex dependence of the response to sEH inhibition using the TGR with ACF-induced HF, probably the model most suitable for the purpose. The aim was to establish if sex-related differences, if present, are demonstrable with standard treatment with ACEi alone and with the combined treatment with ACEi and sEHi.
Methods

Ethical approval, animals, CHF model, and pharmacological therapeutic regimes
The studies were performed in accordance with Male and female TGR and HanSD rats, at the initial age of 8 weeks, derived from several litters, were randomly assigned to experimental groups to make sure that the animals from a single litter did not prevail in any group. In order to obtain reliable data regarding the effects of two treatment regimens and possible sex-linked differences on the survival rate, high initial n values were used (not so for sham-operated animals) to enable valid comparison of the long-term survival rate. To define such required initial n values, statistical power analysis by the method developed by Cohen (2013) was applied; specifically, a program package that includes the desired test was used (http://www.gpower.hhu.de).
Rats were anesthetized (tiletamine + zolazepam, Virbac SA, Carros Cedex, France, 8 mg/kg; and xylasine, Spofa, Czech Republic, 4 mg/kg intramuscularly) and HF was induced by volume overload caused by ACF created using needle technique as employed and validated by many investigators, including our own group (Abassi et al. 2011 , Brower et al. 2015 , Cohen-Segev et al. 2014 , Červenka et al. 2015a , Červenka et al. 2015b , Hatt et al. 1980 , Kala et al. 2018 , Melenovský et al. 2012 , Sporková et al. 2017 . Briefly, after exposure of the abdominal aorta and inferior vena cava between the renal arteries and iliac bifurcation, the aorta was temporarily occluded at this segment for about 40 seconds. An 18-gauge needle (diameter 1.2 mm) was inserted into the abdominal aorta and advanced across its wall into the inferior vena cava to create ACF. Thereafter the needle was withdrawn and the puncture site was sealed with cyanoacrylate tissue glue. Successful creation of ACF was confirmed by inspection of pulsatile flow of oxygenated blood from the abdominal aorta into the vena cava. Sham-operated rats underwent an identical procedure but without creating ACF. To inhibit sEH, cis-4-[4-(3-adamantan-1-yl-ureido) cyclohexyloxy]benzoic acid (c-AUCB) -an sEHi was used, which was prepared freshly and given in drinking water at 3 mg/l. The appropriate amount of c-AUCB was dissolved under gentle warming in polyethyleneglycol and added under rapid stirring to warm drinking water, to obtain 0.1 % aqueous solution of polyethylenglycol. The dose of c-AUCB was selected based on our recent studies where it elicited substantial increases in tissue concentration of EETs without altering RAS activity (Červenka et al. 2015a , Červenka et al. 2015b , Kala et al. 2018 , Sporková et al. 2014 . Trandolapril (6 mg/l in drinking water; Gopten; Abbot, Prague, Czech Republic), was used as ACEi, because in our previous studies this dose provided maximal blockade of RAS and was well tolerated by rats with ACF-induced HF and by sham-operated animals (Červenka et al. 2015a (Červenka et al. , Červenka et al. 2015b (Červenka et al. , Kala et al. 2018 .
Detailed experimental design Effects of treatment with ACEi alone or combined with sEHi on the survival rate
The rats underwent sham-operation or ACF creation as described above on the week labeled 1, and were left without treatment during 1 week. At this time point (week 0) the rats were divided into the following experimental groups:
1. Sham-operated male HanSD rats + placebo (initial n=9) 2. ACF male HanSD rats + placebo (initial n=26) 3. ACF male HanSD rats + ACEi (initial n=27) 4. ACF male HanSD rats + ACEi + sEHi (initial n=26) 5. Sham-operated female HanSD rats + placebo (initial n=9) 6. ACF female HanSD rats + placebo (initial n=27) 7. ACF female HanSD rats + ACEi (initial n=27) 8. ACF female HanSD rats + ACEi + sEHi (initial n=26) 9. Sham-operated male TGR + placebo (initial n=9) 10. ACF male TGR + placebo (initial n=33) 11. ACF male TGR + ACEi (initial n=34) 12. ACF male TGR + ACEi + sEHi (initial n=37) Vol. 68 13. Sham-operated female TGR + placebo (initial n=10) 14. ACF female TGR + placebo (initial n=37) 15. ACF female TGR + ACEi (initial n=34) 16. ACF female TGR + ACEi + sEHi (initial n=36) The follow-up period was the same as in our previous studies i.e. 50 weeks (Červenka et al. 2015a (Červenka et al. , Červenka et al. 2015b (Červenka et al. , Kala et al. 2018 .
Statistical analysis
Statistical analysis of the data was performed using Graph-Pad Prism software (Graph Pad Software, San Diego, California, USA). Comparison of survival curves was performed by log-rank (Mantel-Cox) test followed by Gehan-Breslow-Wilcoxon test.
Results
All sham-operated male and female HanSD rats survived until the end of experiment. As shown in Figs  1A and 1B, male and female untreated ACF HanSD rats clearly began to die by week 15 (i.e. 16 weeks after induction of ACF) and the course of survival and the final survival was almost identical for either sex. In male rats 7 of 26 animals (i.e. 27 %) and in female rats 8 of 27 animals (i.e. 30 %) survived, respectively. The treatment with ACEi improved the course of survival rate in male and female ACF HanSD rats until the week 35, thereafter both male and female animals began to die, and the final survival rate was similar as observed in untreated male and female ACF HanSD rats. With the combined ACEi and sEHi treatment, the course of survival rate in male and female ACF HanSD rats was almost identical as in those treated with ACEi alone.
Quite similarly, HanSD rats and all shamoperated male and female TGR survived until the end of experiment. Fig. 2 . Survival rates in male (A) and female (B) untreated heterozygous Ren-2 transgenic rats (TGR) with aorto-caval fistula, (ACF TGR), in ACF TGR treated with angiotensinconverting enzyme inhibitor (ACF TGR + ACEi) and in ACF TGR treated with the combination of angiotensinconverting enzyme inhibitor and soluble epoxide hydrolase inhibitor (ACF TGR + ACEi + sEHi). The comparison of the survival rates curves was performed by log-rank MantelCox test followed by GehanBreslow-Wilcoxon test.
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As shown in Figure 2A , untreated male ACF TGR began to die by week 2 (i.e. 3 weeks after induction of ACF) and all animals died by week 20. In contrast, untreated female ACF TGR began to die by week 4 (i.e. 5 weeks after induction of ACF) and the final survival rate was 32 %. The treatment with ACEi substantially improved survival rate in male as well as in female ACF TGR, and the final rate value was comparable, at 74 % and 65 %, respectively (Figs 2A, B) . As shown in Figure 2A , the combined treatment with ACEi and sEHi also improved the survival in male ACF TGR as compared with untreated ACF TGR, however, the course and the final survival rate (only 38 %) was significantly worse than observed in male ACF TGR treated with ACEi alone. In contrast, the combined treatment with ACEi and sEHi in female ACF TGR significantly improved the course and the final survival rate (to 84 %) as compared with female ACF TGR treated with ACEi alone (Fig. 2B ).
Discussion
We found that there was no significant difference in the survival rate between untreated male and female ACF HanSD rats. Moreover, the treatment with ACEi alone and combined treatment with ACEi and sEHi had almost identical effects on the course of survival rate in the male and female rats. These findings are in accordance with our report (Červenka et al. 2016 ) that intact normotensive HanSD rats do not show any sex-linked differences in the course of ACF-induced HF. The new important finding is that, in addition, these animals do not show any sex-related difference in response to the treatment with ACEi alone or combined treatment with ACEi and sEHi. Moreover, we found that while ACEi effectively improved the survival rate in the early phase after creation of ACF, it lost its effectiveness in the advanced phase (around week +35); thereafter both male and female ACF HanSD rats clearly began to die, and the final survival rate was almost identical with that observed in their untreated counterparts. These findings further support the notion that new pharmacological measures are required for the treatment of HF in its advanced phase (Braunwald 2015 , Kassi et al. 2018 , SOLVD Investigators 1992 , Yancy et al. 2017 . Furthermore, the finding that the addition of sEHi treatment did not enhance protective actions against HF-related mortality in male and female ACF HanSD rats obtained with ACEi alone is in accordance with our recent study. It showed that in male ACF HanSD rats the treatment with sEHi alone did not improve the course of HF, despite the fact that it restored intrarenal and myocardial EETs to levels observed in sham-operated HanSD rats (Červenka et al. 2015b) .
Taken together, the findings show that HanSD rats do not exhibit important sex-linked differences in ACF-induced HF-related mortality. Nor do they show any significant sex-related differences in the response to pharmacological treatment with ACEi and sEHi. Therefore, the results indicate that in HanSD rats, and probably also in other normotensive strains, studies evaluating the pathophysiology of ACF-induced HF and new pharmacological strategies for its treatment can be successfully conducted in animals of either sex. Based on our present and previous results (Červenka et al. 2015b) we believe that increasing tissue EETs concentrations by pharmacological blockade of sEH does not seem to be a promising approach to attenuate the progression of HF in normotensive animals, at least in the model of ACF-induced HF.
The studies of the course of ACF-induced HF in male as compared to female TGR disclosed a different situation and patterns. We found that, first, the male ACF TGR exhibited markedly lower survival rate than observed in female ACF TGR. Second, the treatment with ACEi alone had protective effects on the course of HF-dependent mortality in male and female rats. Third, our results show that the combined ACEi and sEHi treatment had different effects in male versus female ACF TGR: it increased the HF-related mortality in male and decreased it in female rats, when the results are compared with ACEi treatment alone. Evidently, hypertensive TGR show important sex-linked difference in ACF-induced HF mortality which was significantly higher in the males. In addition, ACF TGR show an important sex-related difference in the response to the combined ACEi and sEHi treatment: it worsened the survival rate in male and improved it in female rats, in comparison with ACEi treatment alone.
In view of this knowledge, we conclude that in TGR, a strain with two critically important detrimental factors promoting progression of HF (hypertension and inappropriately increased RAS activity), the studies exploring the pathophysiology of HF should be performed in rats of both sexes; this is particularly important in the case of studies evaluating new measures for HF treatment.
It was puzzling to find that addition of sEHi to ACEi treatment improved the effect on the HF-dependent mortality in the female but worsened it in male TGR: no satisfactory explanation can here be offered. The rationale of the combined treatment was that when two different vasoactive systems are affected, additive protective effects could be expected. There is evidence that in TGR the ACF model of HF is characterized by marked activation of the RAS and by profound deficiency of tissue EETs. Both pharmacological blockade of the RAS alone (ACEi treatment) and increasing tissue availability of EETs (sEHi treatment) (using the same drugs and doses as employed in the present study) clearly revealed beneficial effects on the HF-related mortality in ACF TGR (Červenka et al. 2015a) . We cannot provide any clear explanation for such discrepant sex-related divergent effects of the combined ACEi and sEHi treatment on the HF-dependent mortality. However, several potentially relevant issues whose consideration might provide some insight in the nature of this important difference should here be mentioned. First, our recent study (Červenka et al. 2016 ) using the classical experimental approach to explore sex-linked differences, i.e. comparing intact animals with animals after gonadectomy (Ostadal et al. 2009, RegitzZagrosek and Karagigas 2017) , indicated that the harmful influence of testosterone rather than protective effects of estrogens is responsible for the sex-linked differences in ACF HF-related mortality in TGR (Červenka et al. 2016) . The view that testosterone could be involved in the relatively poorer prognosis in male ACF TGR is also supported by findings showing that testosterone plays an important role in mediating hypertension-induced endorgan damage in male TGR (Vaněčková et al. 2011) . Therefore, the tentative conclusion might be that in male TGR testosterone-mediated alterations could be crucial for the increasing ACF-induced HF-related mortality in response to combined treatment with ACEi and sEHi (compared to ACEi treatment alone). To assess this hypothesis, comprehensive long term studies are needed in animals after gonadectomy, after gonadectomy with substitution of appropriate sex hormones, and gonadectomy with administration of steroid hormones of the opposite sex, as well as studies of post-menopausal females, without and with hormonal supplementation. Such animal groups should be exposed to the same protocol as used in the present study. Obviously, such studies are difficult to perform and interpret; nevertheless, they are needed to provide the basis for the exploration of the mechanism(s) responsible for the sex-linked differences in ACF TGR.
Second, elevation of angiotensin II (ANG II) levels is known to increase tissue protein expression of sEH (Ai et al. 2007) . Therefore, one could suspect that sex-related differences in the RAS activity, and, consequently, in tissue sEH expression/activity, and finally in the tissue EETs bioavailability, might be responsible for the sex-related difference in the response to the combined treatment with ACEi and sEHi. However, in our previous studies no significant difference was found in plasma and kidney ANG II between male and female TGR (Husková et al. 2007 , Vaněčková et al. 2011 . Moreover, the well-known marked sex-related difference in the course of hypertension development in TGR , Vaněčková et al. 2011 ) cannot be simply ascribed to different RAS activity. In addition, unpublished data from preliminary experiments to our previous studies (Červenka et al. 2015a, Červenka et al. 2015b, Červenka et al. 2016) showed no important sex-dependent differences in heart and kidney tissue EETs bioavailability, in sEH protein expression or in protein expression of CYP2C23 and CYP2J3, the crucial enzymes of the relevant pathways; this was so both in ACF TGR and ACF HanSD rats. This indicates that in normotensive and hypertensive animals of either sex the renal and cardiac generation of EETs is normal. Evidently, the deficiency of EETs in ACF TGR and ACF HanSD rats is the result of its increased conversion to DHETEs, as indicated by increased tissue sEH protein expression (Červenka et al. 2015a, Červenka et al. 2015b, Červenka et al. 2016 , and unpublished data from preliminary experiments).
Taken together, these data suggest that sex-related differences in tissue sEH expression/activity are unlikely to be the mechanism responsible for the different response to combined treatment with ACEi and sEHi in ACF TGR. Perhaps one should consider here the recent evidence (Hrdlička et al. 2019 ) that in the model of postischemic HF the treatment with sEHi attenuated the progression of HF in normotensive HanSD rats but not in hypertensive TGR. This is opposite to our findings in the ACF-induced model of HF (Červenka et al. 2015a, Červenka et al. 2015b) which suggest that the experimental model can be per se an important determinant of the ultimate effect of EETs-based therapy on the cardiovascular disease. Nevertheless, sex-related differences in the role of CYP-dependent eicosanoids in the regulation of cardiovascular function require further Vol. 68 exploration (Jamieson et al. 2017) . For instance, it has been shown that the deletion of the gene encoding sEH (Ephx2 -/-mice) is an important determinant of the arteriolar responsiveness to shear stress in males but not in females (Qin et al. 2015) . On the other hand, the same group found that female Ephx2 -/-mice had greater cardiac contractility than their male counterparts, indicating that sEH is important in the regulation of cardiac function both in females and in males (Qin et al. 2016) . Evidently, the sex-specificity of the cardiovascular responses to CYP-dependent eicosanoids depends also on the actual parameter that is evaluated.
The third issue to consider here is that blood pressure (BP) is lower in female than in male TGR, owing to a decrease observed in the former after the 5th month of age , Vaněčková et al. 2011 . It is known that a J-shaped relationship exists between systolic BP and clinical outcomes (all-cause and cardiovascular mortality etc.) in HF patients (PinhoGomes and Rahimi 2019). Therefore, one could assume that the combination of ACF creation with combined treatment with ACEi and sEHi could result in additive BP-lowering actions, to result in increased mortality dependent on the shift to the left side of the J-shaped curve. However, our original study in male TGR showed that after an initial drop in BP after ACF creation, within 56 hours BP returned to values observed in shamoperated HanSD rats (Červenka et al. 2015a ) and in our recent study (Kala et al. 2018) we found that the BP values in male ACF TGR treated with the combined treatment did not significantly differ from those measured in rats receiving ACEi alone. Moreover, given the lower BP in female TGR, one would expect that a negative effect of inappropriate BP-lowering on the survival rate in ACF TGR exposed to the combined ACEi and sEHi treatment should be greater in the females. Therefore, it seems unlikely that exaggerated BP-lowering effect of the combined treatment is responsible for the increased HF-related mortality in male as compared with female ACF TGR. Nevertheless, to finally solve this question, comprehensive long-term studies are needed involving radiotelemetric BP measurements in conscious animals. Unfortunately, this is a challenge, considering, for instance, the insufficient durability of telemetric probes.
The fourth issue to be considered is the possible role of CYP-450-dependent ω-hydroxylase pathway of AA metabolism. Its increased activity and increased production of 20-hydroxyeicosatrienoic acid (20-HETE) is thought to affect adversely the renal and myocardial tissue and promote the progression of HF (Jamieson et al. 2017, Rocic and Schwartzman 2018) . Since in male spontaneously hypertensive rats (SHR) the renal 20-HETE production is greater than in their normotensive counterparts (Ishizuka et al. 2004) , and 20-HETE formation is androgen-dependent (Jamieson et al. 2017 , Rocic and Schwartzman 2018 , Roman and Fan 2018 , one could assume that increased tissue 20-HETE could be responsible for the for the sex-related difference in the response to combined ACEi and sEHi treatment. Admittedly, our previous studies (Červenka et al. 2015a, Červenka et al. 2015b) did not confirm the involvement of the CYP-450-dependent ω-hydroxylase pathway in the progression of HF in male ACF TGR and ACF HanSD rats. However, possible role of this pathway has not been evaluated in female rats so that its role in sex-specific responses to the combined treatment with ACEi and sEHi cannot be excluded.
The fifth issue to consider is the emerging role of alternative pathways within the RAS. In addition to the main functional axis consisting of angiotensin I (ANG I), angiotensin-converting enzyme (ACE), ANG II, and ANG II type 1 (AT 1 ) receptors. So far, the existing strategy in cardio-renal diseases focused on blocking ACE or AT 1 receptors (Hošková et al. 2017 , Kobori et al. 2007 , Kopkan and Červenka 2009 ). This approach may have to be modified due to the discovery of angiotensin-1-7 (ANG 1-7), generated from ANG II through a newly identified ACE type enzyme (ACE2), or by conversion of ANG I through an endopeptidase neprilysin. ANG 1-7 activates unique G-protein-coupled Mas receptors to induce important biological actions (Santos et al. 2018 , South et al. 2019 . It is now thought that the ACE2/ANG 1-7/Mas receptor axis counteracts detrimental actions of the ACE/ANGII/AT 1 receptor axis, especially under conditions of general RAS activation: indeed, some beneficial effects of ACEi or AT 1 receptor blockers could be attributed to the activity shift in the favor of the ACE2/ANG 1-7/Mas receptor axis (Santos et al. 2018 , South et al. 2019 . Interestingly, renal tissue content of ANG 1-7 (but not ANG II) is significantly higher in female than in male SHR (Pendergrass et al. 2006 , Sullivan et al. 2010 ) and important sex-related differences exist in the regulation and/or activity of the ACE2/ANG 1-7/Mas receptor axis (Santos et al. 2018 , South et al. 2019 . Therefore, different degree of activation of the ACE2/ANG 1-7/Mas receptor axis in males versus females might contribute to the sex-related difference in the response to combined treatment with ACEi and sEHi in ACF TGR. On the other hand, our recent study has questioned the importance of the ACE2/ANG 1-7/Mas receptor axis in the pathophysiology of ANG II-dependent hypertension (Husková et al. 2016) It is apparent that further studies are required to address this issue.
Apart from the above discussed issues, our present study reveals one important limitation, which is lack of assessment of possible sex-linked differences in the cardiac remodeling and cardiac function. Therefore, future studies evaluating the potential sex-related differences in cardiac function employing echocardiography and pressure-volume analysis are needed.
In conclusion, we found that the treatment with ACEi alone displayed similar beneficial effects on the course of ACF-induced HF in male and female TGR. In contrast, the combined treatment with ACEi and sEHi showed sex-dependent effects: it, increased the HF-related mortality (relative to ACEi treatment alone) in male and reduced it in female rats. In general, the study strongly suggests that in HF individuals in whom hypertension and increased RAS activity run in parallel, the patients' sex is a co-determinant of the rate of progression of HF. In particular, it can influence the effectiveness of the therapeutic measures applied to slow it down. Therefore, in pre-clinical studies the sex-linked differences should be seriously considered. Our data indicate that TGR might be an optimal model for such studies.
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